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The purpose of this study was to determine if baseline 
Doppler-echocardiographic variables of systolic or diastolic 
function could predict the hemodynamic benefit of atrio- 
ventricular (AV) synchronous pacing. Twenty-four patients 
with a dual chamber pacemaker were studied. Baseline 
M-mode and two-dimensional echocardiograms were ob- 
tained and Doppler-echocardiographic measurements of 
mitral inflow and left ventricular outflow were made in VVI 
mode (single rate demand) and in VDD (atria1 synchronous, 
ventricular inhibited) and DVI (AV sequentially paced) 
modes at AV intervals ranging from 50 to 300 ms. Forward 
stroke volume and cardiac output were determined in each 
mode at each AV interval from the,left ventricular outflow 
tract flow velocities, and the percent increase in cardiac 
output over VVI mode was determined. 
M-mode measurements, including left ventricular end- 
diastolic dimension, shortening fraction and left atrial size 
and Doppler measurement of diastolic filling, including 
peak early velocity and percent atria1 contribution, did not 
correlate with the percent increase in cardiac output during 
physiologic pacing. The stroke volume in VW mode corre- 
lated significantly with the percent increase in cardiac 
output during physiologic pacing (r = -0.61, p < 0.005 for 
Since William Harvey’s description (1) in 1628, of pulsatile 
filling of the left ventricle due to atria1 contraction, the 
importance of an organized and appropriately timed atria1 
systole to the maintenance of cardiac output in humans has 
become widely appreciated (2-5). Although the importance 
of atria1 contribution to cardiac output has long been of 
research interest it also becomes critically important in two 
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VDD mode and r = -0.55, p < 0.05 for DVI mode). Five 
of the 15 patients with VVI stroke volume ~50 ml but none 
of the 9 patients with stroke volume SO ml had ventricu- 
loatrial (VA) conduction. Patients with stroke volume <50 
ml had a significantly higher percent increase in cardiac 
output during physiologic pacing (50% versus 22%, p = 
0.0005 for VDD mode and 44% versus 16% for DVI mode, 
p = 0.006) even after elimination of patients with VA 
conduction. 
The percent increase in cardiac output at the optimal 
AV interval over the worst AV interval for VDD and DVI 
modes was calculated as a measure of the benefit of 
optimizing the AV interval and to eliminate the confound- 
ing effects of fortuitously timed atrial contractions in VW 
mode. This percent increase correlated significantly with 
diastolic filling variables including peak early velocity (r = 
0.54, p < 0.01) and the ratio of peak early to peak atria1 
velocity (r = 0.41, p < 0.05). Patients receiving the most 
relative hemodynamic benefit from an organized and ap 
propriately timed atria1 systole are those with a stroke 
volume <50 ml in VW mode, VA conduction and a percent 
atria1 contribution >38%. 
(J Am Co11 Cardiol1989;13:1613-21) 
common clinical situations: 1) the decision to restore sinus 
rhythm in a patient with atria1 fibrillation; and 2) the decision 
to utilize a dual chamber or single chamber pacemaker. In 
both situations, if patients who are unlikely to benefit from 
an appropriately timed atrial systole could be identified, the 
expense and risk of the procedure contemplated could be 
avoided. Attempts to identify those patients most likely to 
benefit from atrioventricular (AV) synchrony have not 
yielded consistent results. In particular, despite the wide- 
spread assumption that patients with a failing heart benefit 
more than those with a functionally normal heart from an 
appropriately timed atria1 systole, there is little or no scien- 
tific documentation for this belief (6-14). 
019x9 by the Amerxan College of Cardiology 073%1097!89/$3.50 
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Recent studies (15-18) have demonstrated that Doppler 
echocardiographic assessment of left ventricular inflow ac- 
curately measures the atria1 contribution to left ventricle 
filling in comparison with contrast angiography and radionu- 
elide angiography. Doppler measurement of forward stroke 
volume using left ventricular outflow velocities has also been 
validated in numerous studies (19-21). The purpose of the 
present study was to determine what baseline Doppler 
echocardiographic variables could predict improved cardiac 
output with physiologic pacing. The hypothesis was that 
patients with a larger atria1 contribution to filling would have 
the greatest increment in forward stroke volume when in AV 
synchronous pacing compared with ventricular demand pac- 
ing as measured by combined Doppler and non-Doppler 
echocardiography. 
Methods 
Study patients (Table 1). The study group consisted of 24 
patients with a recently implanted dual chamber pacemaker; 
their mean age was 71 years (range 38 to 81). The indication 
for pacemaker implantation was complete heart block in 11 
and sinus node disease in 13. Fourteen patients had an 
underlying cardiac disease, including coronary artery dis- 
ease in 11, dilated cardiomyopathy in 2, rheumatic mitral 
valve disease in 1, hypertrophic cardiomyopathy in 1 and 
transposition of the great arteries in 1. Ten patients had 
primary conduction system disease. 
Doppler echocardiography. All Doppler echocardio- 
graphic studies were performed with a commercially avail- 
able phased-array imaging system (Irex Meridian or Hew- 
lett-Packard Series 60) in which a pulsed Doppler flowmeter 
was incorporated. These systems use either a 2.5 or 3.5 MHz 
transducer for M-mode and two-dimensional echocardiog- 
raphy and have the capability of simultaneous echo imaging 
and Doppler interrogation A complete M-mode, two- 
dimensional and Doppler examination was performed at 
baseline with the pacemaker in DDD mode. M-mode record- 
ings were generated from two-dimensional short-axis views, 
with the patient in the partial left lateral decubitus position, 
at the level of the aorta or left atrium, the mitral valve and 
left ventricle. Left ventricular measurements were made 
from hard copy recordings made just below the tips of the 
mitral leaflets. Measurements of septal thickness, posterior 
wall thickness, left ventricular internal dimension and left 
atria1 size were made according to the recommendations of 
the American Society of Echocardiography. Shortening frac- 
tion was calculated as the difference between end-diastolic 
and end-systolic left ventricular dimension divided by the 
left ventricular end-diastolic dimension. 
Doppler examination was performed with the subject in 
the left lateral position with the transducer placed at the 
cardiac apex to image the apical four chamber view (mitral) 
or five chamber view (aortic). After the mode and AV 
interval of the pacemaker were programmed, 2 to 3 min were 
allowed for equilibration of hemodynamic status and the 
Doppler examination was recorded. For mitral inflow re- 
cordings, the Doppler beam was aligned parallel to presumed 
mitral inflow and the sample volume (7 mm in length) placed 
at the level of the mitral anulus. For aortic recordings, the 
Doppler beam was aligned parallel to presumed left ventric- 
ular outflow and the sample volume placed just below the 
aortic leaflets. The signal was optimized by audio and visual 
feedback to obtain the signal with the greatest signal to noise 
ratio and clearest envelope. The depth of the sample volume 
was carefully noted and the same depth was used for all 
subsequent recordings. The Doppler flow velocity signals 
and simultaneous lead II electrocardiogram (ECG) were 
displayed on a monitor and recorded on a strip chart 
recorder at a paper speed of 100 mm/s for mitral inflow 
recordings and 50 mm/s for left ventricular outflow tract 
recordings. 
Pacemaker programming. In each subject the pacemaker 
was first programmed in the VDD mode (atria1 synchronous, 
ventricular inhibited) at AV intervals ranging from 50 to 300 
ms. At each AV interval, Doppler recordings of mitral and 
aortic flow were made. In each mode the AV interval was 
progressively increased from 50 to 300 ms (average of six 
increments per patient) and at each AV interval the Doppler 
recordings were repeated. The presence of intrinsic AV node 
conduction in five patients made measurements at the longer 
(~175 ms) AV intervals impossible in these subjects. In 
addition, in one patient there was failure of the atria1 
pacemaker to sense and therefore recordings could not be 
made in the VDD mode. The programming the recording 
process was repeated in a similar fashion in DVI mode (AV 
sequentially paced) and in VVI mode (single rate demand) at 
a heart rate slightly higher than the intrinsic sinus rate. 
Doppler analysis. In the VDD mode, the AV interval 
associated with the optimal cardiac output as described 
below was chosen for analysis of mitral inflow. From the 
mitral flow velocity patterns the peak flow velocity in early 
diastole and during atria1 systole and the ratio of the two was 
determined. The total area under the mitral flow velocity 
curve was determined. The area under the curve (flow- 
velocity integral [FVI]), is directly related to volumetric 
blood flow across the mitral valve by the following formula: 
FVI (cm) x CSA (cm2) = flow (ml) where CSA = the 
cross-sectional area of the mitral anulus and flow equals the 
volume of blood that has traversed the orifice during dias- 
tale. An attempt to derive a measure of the contribution of 
atria1 systole to left ventricular filling was made by extrapo- 
lating from the F point of the mitral flow velocity curve to the 
baseline at the time of mitral valve closure, thus approxi- 
mating the filling pattern of the left ventricle in the absence 
of an atria1 systole (Fig. 1) (22). The area under the derived 
curve was divided by the total area to obtain the atria1 
percent contribution to left ventricular filling. We have found 
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Figure 1. Typical recording of mitral inflow velocities showing 
method of measuring peak early velocity (PE), peak atria1 velocity 
(PA) and the atria1 contribution to left ventricular filling. 
this value to be relatively independent of the AV interval 
over the physiologic range of intervals (23). 
All flow velocity measurements were made with a Hous- 
ton Instruments digitizing pad interfaced to an Apple IIe 
personal computer and custom-made software. We have 
previously found (24) that values for peak velocities and 
integrals by this technique have high intra- and interobserver 
reproducibility. The average of r5 consecutive beats was 
used for analysis. Care was taken to ensure that appropriate 
sensing and capture of the atria were occurring by analysis of 
the simultaneously recorded ECG and mitral inflow pattern. 
Figure 2. Left, Apical five chamber view showing position of sam- 
ple volume (SV) for recording left ventricular (LV) outflow tract 
velocities. Right, Heart rate (HR) and flow-velocity intergral (FVI) 
in VVI mode (single rate demand) and at optimal AV delay interval 
(AVD) for VDD mode (atrial synchronous ventricular inhibited) and 
DVI mode (AV sequentially paced) for a representative patient. 
Note the increase in peak velocity integral during physiologic pacing 
(VDD and DVI) compared with VW pacing. Ao = aorta; LA = left 
atrium; RV = right ventricle. 
Cycles in which premature atria1 ventricular contractions 
occurred were excluded from analysis. 
Left ventricular outflow tract flow. At each pacing mode 
and at each AV interval, the heart rate and aortic flow 
velocity integral were measured (Fig. 2). The product of 
aortic flow velocity integral and aortic cross-sectional area is 
equal to thefonvard stroke volume. Because the product of 
heart rate and forward stroke volume is cardiac output, 
changes in the heart rate-flow velocity integral product are 
proportional to changes in cardiac output during different 
pacing modes and AV intervals assuming a constant aortic 
cross-sectional diameter. Previous studies from this labora- 
tory (21) have shown a good correlation between cardiac 
output with the use of this technique and cardiac output 
invasively determined by thermodilution. Aortic root diam- 
eter was measured from freeze-frame video images with a 
custom-designed video digitizing system. Measurements 
were made at mid-systole at the base of the aortic leaflets 
from trailing edge to leading edge as previously described 
(21). Aortic root cross-sectional area was calculated as IT 
times one-half the square of the aortic root diameter. 
The AV interval associated with the highest cardiac 
output in VDD and DVI pacing modes in each patient was 
recorded as the optimal AV interval for the respective pacing 
modes for that patient. The AV interval associated with the 
lowest cardiac output for VDD and DVI pacing modes in 
each patient was recorded as the worst AV interval for the 
respective pacing modes for that patient. The difference 
between the cardiac output at the optimal AV interval and 
that during VVI mode was divided by the cardiac output 
during VVI mode and recorded as the percent increase in 
cardiac output over VVI mode. The difference between the 
cardiac output at the optimal and worst AV intervals was 
divided by the cardiac output at the worst AV interval and 
recorded as the percent increase in cardiac output due to 
optimizing AV interval. 
Statistical analysis. All results are reported as mean val- 
ues 2 SD. The relation between continuous variables was 
determined by linear regression analysis. Differences in the 
Doppler values between groups were determined by a two- 
tailed unpaired Student’s t test. Differences in cardiac output 
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Table 2. Correlation Coefficients for Linear Regression Analysis 
of Relation Between Baseline Doppler Echocardiographic 
Measurements and Percent Increase in Cardiac Output 
Percent Increase of 
Percent Increase in Optimal Over Worst 
CO Over VVI Mode co 
VDD DVI VDD DVI 
LVDD 0 03 0.02 0.09 0.20 
LVDS 0 OX 0.04 0.13 0.20 
SF 0 IY 0.14 0.02 0.07 
LA 0 33 0.36 0.05 0.002 
PE 0 OX 0.004 0.55” 0.05 
PA 0 I? 0.02 0.16 0.11 
% AC 0 25 0.31 0.3X* 0.12 
PEiPA 021 0.10 0.41+ 0.10 
VVI-sv 06l$ 0.4U 0.02 0.13 
VVI-co 0.5X$ 0.45: 0.02 0.20 
*p < 0.01; tp c: 0.05: ip < 0.005. CO = cardiac output: LVDS = left 
ventricular end-systolic dimension: PA = peak atrial mitral inflow velocity; 
PE = peak early mitral inflow velocity; other abbreviations as in Table I. 
in the three pacing modes were determined by one-way 
ANOVA. A p value co.05 was considered significant. 
Results 
Optimal AV interval versus VW mode (Tables 2 and 3). 
Heart rate in VVI and DVI modes was not significantly 
different from heart rate in VDD mode (69 + 9 versus 68 + 
9 beatsimin). Cardiac output at the optimal AV interval was 
significantly increased over VVI mode in both VDD and DVI 
Table 3. Doppler Echocardiographic Measurements in Patients 
With Stroke Volume ~50 ml or >50 ml 
Stroke Stroke 
Volume Volume 
<Xl ml >50 ml 
(II = 15) (n = 91 
P 
Value 
Cardiac output (IiterGmin) 
In VVI mode 
In VDD mode 
In DVI mode 
9 Increase over VVI 
VDD mode 
DVI mode 
% Increase optimal over 
worst AVDI 
VDD mode 
worst AVDI DVI mode 
LVDD (cm) 
LVDS (cm) 
SF (%‘c) 
LA (cm) 
2.7 t 0.5 5.0 z 1.3 
3.9 t 0.7 6.0 + 1.X 
3.9 ? 0.9 5.9 t 1.8 
50 2 19 22 ? IO 0.000.5 
44 + 26 I6 t II 0.006 
262 12 22 ? 10 NS 
25 ? 13 22 t- II NS 
5.6 2 I.5 5.3 + I.2 NS 
4.0 t 1.9 3.5 -+ 1.3 NS 
33 + I3 36% I4 NS 
4.5 + 0.8 4.x ? 0.7 NS 
0.0001 
0.001 
0.00 I 
Abbreviations as m Tables I and 2 
modes (Fig. 3). Cardiac output in VVI mode averaged 3.6 
litersimin (range 1.8 to 6.7). Cardiac output at the optimal 
AV interval averaged 4.7 liters/min (2.9 to 8.4) in VDD mode 
and 4.6 litersimin (2.5 to 8.2) in DDD mode. The percent 
increase in cardiac output over VVI mode ranged from 10% 
to 94% in VDD mode (mean 39% t 21%) and from 16% to 
85% in DVI mode (mean 33% 2 25%). The correlation 
matrix for percent increase in cardiac output versus baseline 
Doppler-echocardiographic variables is displayed in Table 2. 
M-mode variables of left ventricular structure and function 
including left ventricular end-diastolic dimension and short- 
ening fraction did not correlate with this percent increase. 
Doppler variables of left ventricular filling, including peak 
early velocity, ratio of peak early to peak atrial velocity and 
percent atrial contribution, did not significantly correlate 
with the percent increase in cardiac output. 
H~MWYI-, the stroke plume und cardiac output in VVl 
anode HYW significantly inversely correlated with the percent 
incrtvsc in cardiac output during physiologic pacing (r = 
-0.61, p = 0.0014, and r = -0.48, p = 0.02, respectively, for 
VDD and r = -0.55, p = 0.005. and r = -0.45, p = .03, 
respectively, for DVI mode). Table 3 shows values for 
cardiac output and selected baseline echocardiographic mea- 
surements in patients with a baseline VVI stroke volume 
~50 ml or >50 ml. Patients with a stroke volume in VVI 
mode 60 ml had significantly higher percent increases in 
cardiac output over VVI mode in both VDD (44% versus 
16%) and DVI modes (50% versus 22%). The absolute 
increase in cardiac output was similar in patients with VVI 
stroke volume ~50 ml and patients with stroke volume >50 
ml ( I. I versus 0.9 litersimin in DVI mode). Other M-mode 
and Doppler measures did not differentiate these two groups 
including shortening fraction and left ventricular end- 
diastolic dimension. 
Five of’thc nine putients tvith (I stroke volume ~50 ml but 
none of‘ the 1.5 patients M’ith strokr l,olunze >50 ml had 
l,cntri~/llorrtrinl t VA) conduction (p < 0.05). However, when 
patients with VA conduction were eliminated from the 
analysis. the highly significant differences in percent in- 
crease in cardiac output between the two groups persisted. 
The percent increase in VDD mode was 41 ? 19% versus 18 
i 11% (p < 0.01) and in DVI mode it was 37 t 26% versus 
14 i: II% (p < 0.05) when patients with ventriculoatrial 
conduction were eliminated. 
Optimal AV interval versus worst AV interval. Cardiac 
output in either VDD or DVI mode at the worst AV interval 
was not significantly different from cardiac output in VVI 
mode (Fig. 3). The percent increase in cardiac output at the 
optimal AV interval compared with the worst AV interval 
ranged from 3% to 57% in VDD mode (mean 25 + 11%) and 
from 8% to 53% in DVI mode (mean 26 i- 13%). Neither 
M-mode variables of left ventricular end-diastolic dimen- 
sion. shortening fraction, and left atrial size nor Doppler 
variables of left ventricular filling correlated with this per- 
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‘P<.Ol vs WI 
0 
WI VDD WI 
Pacemaker Mode 
Figure 3. Cardiac output in VW mode and in VDD and DVI modes 
at optimal and at worst AV delay interval (AVDI). 
cent increase in DVI mode. However, the peak early veloc- 
ity and the ratio of peak early velocity to peak atria1 velocity 
correlated weakly but significantly with this percent increase 
in VDD mode (r = -0.54, p < 0.01, and r = -0.41, p < 0.05, 
respectively) (Fig. 4). In addition, patients with a percent 
atria1 contribution >38% had a significantly higher percent 
increase in cardiac output in VDD mode than did those with 
percent atrial contribution ~38% (Fig. 5). Patients with 
stroke volume ~50 ml in VVI mode were no more likely than 
were patients with a higher stroke volume to have a higher 
percent increase at the optimal over the worst AV interval in 
either VDD or DVI mode (Table 3). 
Discussion 
Previous studies of left ventricular systolic function during 
cardiac pacing. It has been clear since Gesell’s pioneering 
studies (25) that the atria are not simply passive conduits for 
blood but that they contribute actively to ventricular filling. 
Several investigators (6,s) have suggested that atrial contri- 
Figure 4. Correlation between percent increase in cardiac output at 
optimal AV delay interval (AVDI) over worst AV delay interval and 
peak early velocity. 
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Figure 5. Percent increase in cardiac output at optimal over worst 
AV delay interval (% INC-CO-B) in patients with percent atria1 
contribution (AC) ~38% and ~38%. 
bution plays a more important role in maintaining cardiac 
output in the failing than in the nonfailing heart. Rahimtoola 
et al. (6) studied patients after myocardial infarction with 
contrast angiography and measured the contribution of left 
atrial systole to left ventricular filling. They found the 
percent atria1 contribution was significantly higher in pa- 
tients with previous infarction than in a group of control 
subjects. Atria1 contraction made its largest contribution to 
stroke volume (56%) in patients with a cardiac index ~2.1 
litersimin per m2 compared with a contribution of 31% in 
patients with a cardiac >2.1 litersimin per m2. However, the 
control subjects in this study were significantly younger than 
the patients with infarction, and normal aging has now been 
shown by several investigators (26-28) using a wide variety 
of techniques to significantly increase the atria1 contribution 
to left ventricular filling. Matsuda et al. (8) obtained simul- 
taneous left atrial pressure and angiographic measurements 
in patients with and without prior myocardial infarction. 
They found a higher ratio of active atria1 emptying to left 
ventricular stroke volume and higher left atria1 work in 
patients with myocardial infarction than in normal subjects. 
Conflicting data were providing by Greenberg et al. (7), who 
measured atrial contribution to cardiac output in 18 subjects 
by comparing stroke volume during atrial and ventricular 
pacing at a constant heart rate. An inverse relation between 
pulmonary capillary wedge pressure and atria1 contribution 
was noted at baseline and after modification of filling pres- 
sure by volume expansion or nitrates, or both. Atria1 con- 
tribution was significantly greater after volume loading to a 
pulmonary capillary wedge pressure >20 mm Hg in patients 
who had no history of heart failure than it was in patients 
with impaired ventricular function whose baseline pulmo- 
nary capillary wedge pressure was >20 mm Hg. It is 
important to note that the two former studies measured lefr 
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ventricular filling. whereas the latter measured fonzwd 
stroke volume. 
It has become clear, from numerous noninvasive studies, 
especially those involving combined Doppler and non- 
Doppler echocardiography, that the relative volume of blood 
entering the left ventricle during atrial systole is increased 
not only with normal aging but also in patients with asymp- 
tomatic hypertension (29), during acute myocardial ischemia 
(30), after myocardial infarction (31.32) and in patients with 
left ventricular hypertrophy (33,24). However, no previous 
study has demonstrated that this increased relative filling 
during atria1 systole corresponds to a greater reliance on 
atria1 systole for maintenance of cardiac output. 
Previous Doppler echocardiographic studies in patients 
with a dual chamber pacemaker. Doppler echocardiography 
has been used in previous studies (9. IO, 13.14) to measure the 
increase in cardiac output associated with AV synchronous 
pacing over ventricular pacing. Stewart et al. (9) noted a 
significant increase in Doppler-determined cardiac output in 
DDD mode over VVI mode in 24 of 29 patients. The five 
patients with no increase in cardiac output did not differ from 
the other patients in age, left ventricular ejection fraction or 
underlying heart disease. The improvement in cardiac output 
did not correlate with radionuclide or contrast angiographic 
ejection fraction in 23 patients in whom this was available. 
Similarly, earlier work from this laboratory (IO) demon- 
strated significant declines in Doppler-determined stroke 
volume in 26 patients with a dual chamber pacemaker as the 
pacing mode was changed from physiologic to ventricular. 
Neither left ventricular size as measured by left ventricular 
end-diastolic diameter nor systolic function as measured by 
shortening fraction correlated with the percent decrease in 
cardiac output. 
Present study: role of left ventricular systolic function. 
The present study confirms these previous studies in show- 
ing no relation between let’t ventricular size or shortening 
fraction and the relative contribution of atrial systole to left 
ventricular stroke volume. The weight of data, therefore. 
suggests that patients with impaired left ventricular systolic 
function or left ventricular enlargement. or both are no more 
likely to benefit from an appropriately timed atrial systole in 
terms of enhanced cardiac output than are patients with a 
normal-sized ventricle and normal systolic function. How- 
ever. in patients with a diseased left ventricle, atrial systole 
plays an important role in maintaining a high filling pressure 
(left ventricular end-diastolic pressure) while minimizing 
mean left atrial pressure (34). Furthermore. the small in- 
crease in cardiac output associated with atrial systole in 
patients with heart failure may result in significant clinical 
improvement. Because small increments in cardiac output 
may greatly benefit such patients, it is clear that optimizing 
the AV interval assumes a greater importance in this popu- 
lation. 
arm the best predictor of the relative benyfit of physiologic 
pmcing. All five of the patients with VA conduction had a 
stroke volume ~50 ml in VW mode, a finding that explains 
some of the predictive power of stroke volume. Ventricu- 
loatrial conduction has previously been shown (9) to predict 
hemodynamic improvement with physiologic pacing. How- 
ever, in this study. after removal of patients with such 
conduction, the differences in percent increase in cardiac 
output between patients with low and high stroke volume 
persisted. Stroke volume is usually considered a measure of 
systolic function but also is strongly determined by preload, 
afterload and diastolic function. In this study, systolic func- 
tion as measured by shortening fraction was not different 
between patients with low and high stroke volume. Simi- 
larly, preload as measured by left ventricular end-diastolic 
dimension did not differ between the two groups. Impaired 
compliance or relaxation or a combination of both is a 
possible explanation for depressed stroke volume given 
similar preload and contractility. Impaired diastolic function 
would also result in a greater reliance on atrial systole and 
greater relative increment in cardiac output with physiologic 
pacing. 
Left ventricular diastolic function. lwase et al. (35) mea- 
sured mitral inflow by Doppler echocardiography in 20 
patients with a dual chamber pacemaker. These investiga- 
tors varied AV interval in DVI mode and found a significant 
correlation between the percent increase in left ventricular 
inflow volume from VVI (ventricular demand) to DVI (AV 
sequential) pacing at the optimal AV interval and left ven- 
tricular contribution to left ventricular filling (r = 0.62. p < 
0.005) and between the percent increase from the most 
inappropriate to the optimal AV interval and left atrial 
contribution to left ventricular filling (r = 0.467, p < 0.05). 
However. they did not report on forward cardiac output in 
their- study. The significant correlations they described may 
simply reflect the fact that as the A wave of mitral inflow 
increases, the total amount of mitral inflow also increases. 
Bec,:iuse their measurement of cardiac output was based on 
the mitral flow velocity integral their measurement would 
necessarily increase as the atrial flow-velocity integral in- 
creases. 
It1 tlw prcJent study, both jimcwrtl strobe ~~olnmr und 
nlitr.ml in&w \~lumr )t’ere mmswcd. thus providing an 
independent measurement of the effects of atrial contribu- 
tion on forward cardiac output. Surprisingly, none of the 
Doppler variables of mitral inflow we measured allowed 
prediction of the increase in cardiac output at the optimal 
AV interval in comparison with the VVl mode. There are 
several possible explanations for this finding. First, it is 
possible that this technique does not accurately measure 
atrial contribution. Second, the volume that the atrium 
contributes to left ventricular filling may have no relation to 
the increase in cardiac output associated with AV syn- 
chrony. This would be conceivable if atrial contraction 
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augmented or detracted from forward stroke volume in ways 
other than left ventricular filling. For instance, in a patient 
with left ventricular enlargement, the greater left ventricular 
stretch associated with atria1 systole might exacerbate in- 
complete mitral leaflet closure and worsen mitral regurgita- 
tion. Also, atria1 systole in a patient with impaired left 
ventricular function and elevated filling pressure might put 
the ventricle on the descending limb of the Starling curve. 
The enhanced cardiac output associated with physiologic 
pacing may also in some patients be due to right atria1 
contraction, which was not measured in this study. Third, in 
VVI mode, fortuitously timed atria1 contractions may be 
confounding the analysis. 
To analyze the third possibility, we examined the cardiac 
output at the optimal AV interval compared with the worst 
AV interval. At the worst AV interval, the atria1 contraction 
is fixed in relation to ventricular contraction, thus eliminat- 
ing the effect of atria1 systoles fortuitously occurring during 
diastole. In essence, this takes into account the increment in 
cardiac output to be derived from optimizing AV interval. In 
this analysis, some ability to predict increment in output did 
emerge. Patients with a higher percent atria1 contribution 
had a significantly higher increment in output. However, 
there was much overlap between the two groups and in an 
individual patient the increment would be very hard to 
predict. Interestingly, this correlation between atria1 contri- 
bution and increment in output was found only in VDD 
mode. The main difference between VDD and DVI modes is 
of course, the mechanism of atria1 depolarization. These 
data would suggest that with a dual chamber pacemaker the 
percent atria1 contribution to left ventricular filling is a good 
predictor of benefit from AV synchrony only when the 
atrium undergoes its normal depolarization sequence. Stim- 
ulation by atria1 pacing may alter the relation between atria1 
contribution and subsequent stroke volume. 
Clinical implications. In patients requiring pacemaker 
insertion, a method for predicting the hemodynamic benefit 
of AV synchrony would be most useful. The present study 
has identified stroke volume as a major predictor of the 
benefit of physiologic pacing. This measurement can be 
easily made with current available ultrasound systems in a 
matter of minutes and aid in the decision as to pacemaker 
type. In the individual patient, however, determination of 
stroke volume at each AV interval is the only way to 
determine precisely the benefit of physiologic pacing. Mea- 
surement of percent atria1 contribution from mitral inflow 
velocities is not a powerful enough predictor of percent 
increase in cardiac output to be useful in the individual 
patient. 
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